4.
Hyperflo w Parachute canopy radial ribbon width, in.
x Distance from the base of the forebody model to the ballute or parachute canopy inlet, in.
Xf. Total parachute canopy porosity, percent £ Parachute canopy inlet reefing ratio (ratio of reefed inlet area to fully inflated inlet area) INTRODUCTION The purpose of this investigation was to provide data for the determination of the effects of construction variables on the performance of certain flexible aerodynamic decelerators known to possess good retardation, inflation, and stability characteristics in supersonic flow regimes. A total of 23 decelerator configurations were examined in the 40-in. supersonic tunnel (Gas Dynamic Wind Tunnel Supersonic (A)), von Karman Gas Dynamics Facility (VKF), AEDC, AFSC. These consisted of hyperfloand hemisflo-type parachutes and one Goodyear conical ballute decelerator. Except for one configuration which was a combination of a hyperflo parachute inside a hemisflo parachute, all configurations tested were single decelerators. In addition to the construction variables, the locations of the hyperflo parachute model aft of the forebody models were varied, and the hemisflo parachutes were tested at several inlet reefing conditions.
The decelerator models were tested at Mach numbers from 1. 5 to 6 at dynamic pressures corresponding to pressure altitudes of 75,000 to 135,000 ft, respectively. The performance characteristics obtained included decelerator drag, inflation, and stability. Stability characteristics as discussed in this report refer only to the conditions of oscillatory motion of each decelerator with respect to the forebody model.
The test program also included a wake survey investigation at M,,, = 2 to 5 in which local pitot and static pressure measurements were made in vertical traverses at various stations aft of the forebody models. These data will be utilized by the users (Cook Electric Company) in the analysis of parachute performance, and no presentation is made herein.
SECTION II APPARATUS

WIND TUNNEL
Tunnel A is a continuous, closed-circuit, variable density wind tunnel with an automatically driven flexible plate-type nozzle and a 40-by 40-in. test section. The tunnel operates at Mach numbers from 1.5 to 6 at maximum stagnation pressures from 29 to 200 psia, respectively, and stagnation temperatures up to 300°F (M,,, = 6). Minimum operating
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pressures are about one-tenth of the maximum at each Mach number. A description of the tunnel and airflow calibration information may be found in the Test Facilities Handbook. *
TEST ARTICLES
Parent Models and Support Systems
The parachute decelerator models were investigated in the wakes of three models which, by means of a tapered strut common to each, were mounted to the tunnel sidewall in the upstream region of the test section. Sketches of the strut geometry and tunnel installation are given in Figs, la and b, respectively. The forebody models consisted of a sharp cone-cylinder (I), a blunt cone-cylinder-flare (II), and a spherically blunted cylinder (III). Sketches of the three forebody geometries are given in Fig. lc .
The parachute models were tested behind each of the three forebodies. The models were attached to a swivel from which a line was routed through the forebody and strut to a winch assembly. In the case of the hyperflo parachutes this winch assembly allowed the parachutes to be moved to various stations (x/d) aft of the parent body.
The conical ballute decelerator was tested behind a parent body (forebody configuration IV), a spiked cone-cylinder body with a flarecylinder afterbody. The ballute model, unlike the parachutes, was attached by a support line directly to the forebody model. The dimensions of this forebody and strut are given in Fig. 2. 
Decelerator Models
The decelerators tested consisted of three general types: hyperflo parachutes, hemisflo parachutes, and a conical, inflatable balloon (ballute). A fourth type, the combination of a small hyperflo parachute inside the suspension lines of a larger hemisflo parachute, was also tested. Photographs and construction details of these decelerators are presented in Figs. 3 The hyperflo parachutes were characterized by a truncated cone design with flat, porous roofs and solid-cloth, low-porosity skirts. The typical hyperflo parachute construction is presented in Fig. 4a , and design specifications for each configuration are given in Fig. 4b . Principal construction variables were canopy projected diameter (Dp), canopy total porosity Ut), and screen material employed in the roofs. Canopy diameters of the test parachutes were 3, 5, 6. 8, and 8. 2 in., and canopy total porosity varied from 5 to 20 percent. Canopy suspension line length was equal to twice the canopy diameter in all cases. Canopy location (x/d) aft of the three parent bodies was varied from 3. 5 to 16. A total of 17 hyperflo parachute configurations were investigated.
Hemisflo Parachutes
Hemisflo parachutes are shaped-gore ribbon parachutes; that is, the canopies are constructed in the shape that they will normally assume when inflated in supersonic flow. The canopy of the hemisflo parachute is constructed as a hemisphere with a skirt extension added between suspension lines. These characteristics are shown in Fig. 5 , which presents construction details. Two sizes of the hemisflo parachute were tested, and the reference diameters (D D ) were 13 and 21. 33 in. Total porosity for the 13-in. hemisflo parachute canopy was 14. 1 percent and ranged from 9. 4 to 18 percent for the 21. 33-in. canopy. Canopy inlet reefing was varied during testing of the hemisflo parachute configurations. The reefing line technique used for this purpose is illustrated in Fig. 6 . A total of five hemisflo parachute configurations were tested.
Tandem Parachute
One configuration of the tandem parachute was tested. This configuration consisted of two complete parachutes-a hyperflo parachute (Dp = 3 in.) inside the suspension lines of the 13-in. -diam hemisflo parachute (i s = 21.6 in.). Both parachutes are described individually in Figs. 4 and 5 according to their type. Figure 5 shows the hyperflo parachute inside the hemisflo parachute suspension lines.
Ballute Decelerate«
One configuration of a ballute decelerator was tested. This was a 75-deg, cone-sphere balloon constructed of eight equal gores of nonporous, rubber-coated nylon cloth. The diameter at the equator of the spherical portion was 7. 0 in. A burble fence located around the equator increased the diameter of the ballute by 0.88 in. The ballute was inflated by ram air pressure through four diametrically opposed, forward facing
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inlets. Internal pressure in the ballute was measured during testing. Model dimensions are given in Fig. 7 .
INSTRUMENTATION
Two high-speed 16-mm motion-picture cameras, two cameras for still photography (regular and schlieren), and an oscillograph for recording a time history of the dynamic drag output from a tensiometer were used to record parachute performance. One movie camera operating at approximately 500 fps recorded side views of the parachutes; the other, operating at approximately 1000 fps, was installed in the tunnel schlieren system. Three tensiometers located in the winch assembly outside the tunnel -rated at 200, 300, and 600 lb -were used to measure hemisflo parachute reefing line loads, hyperflo parachute drag loads, and hemisflo parachute drag loads, respectively, Forebody IV was equipped with a 600-lb tensiometer to measure the drag of the ballute decelerator model. The drag data obtained from the tensiometers located in the winch assembly are estimated to be accurate to within 6 percent based on the repeatability obtained in the calibration loadings. Some hysteresis was found in the calibration results from the combined effects of friction in the pulley systems inside the forebodies and the stretching under tension of the long nylon parachute support lines.
The ballute internal pressure was measured with a 15-psid transducer, referenced to a near vacuum, having full-scale calibrated ranges of 1, 5, and 15 psia. These pressure measurements are considered accurate to within 0. 2 percent of full scale for each range.
SECTION III TEST PROCEDURE
Before each test run the parachute canopy and suspension lines were packed in a deployment bag. The bag was then suspended near the base of the forebody model by a pull cord routed from the rear of the bag through the tunnel sector. The pull cord was held taut manually during tunnel start and until the desired test condition was established, when a sharp pull on the cord removed the bag. Parachute location and reefing ratio were set by a remotely operated winch assembly. Normal on-line tunnel Mach number changes and tunnel pressure level adjustments were made with the parachute still deployed.
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For the ballute model no deployment bag was used, but the model was suspended in the tunnel by the pull cord tied to the model base. After tunnel flow was established, the pull cord was simply slackened to remove the effect of the cord tension on the ballute performance.
Summaries of the program, main test conditions, and results obtained for the various decelerator configurations are given in Tables I through IV. The drag coefficients presented in these tables were obtained by averaging the drag from the individual dynamic drag traces. The observations given in the tables are the results of evaluations of the photographic data and drag traces.
SECTION IY RESULTS AND DISCUSSION
HYPERFLO PARACHUTES
Sixteen parachutes of the hyperflo type were tested at dynamic pressures corresponding to pressure altitudes of 83, 000 ft at M ro = 2 to 149, 000 ft at M,,, = 5.5. In addition to variations in canopy size, total porosity, and type of roof material, the influences of forebody shape and x/d location on the stability and drag of these parachutes were also investigated. The summary of the hyperflo parachute test conditions and results is presented in Table I . All configurations were tested behind one or more of forebody configurations I through III.
In general, the drag coefficients for the hyperflo parachutes decreased with increasing Mach number and decreasing location (x/d) aft of the forebody model. Since only a limited amount of drag data was obtained at identical x/d's for each of the three forebodies for any one parachute configuration, direct comparisons of drag with forebody model variation are limited. Typical drag results for three hyperflo parachutes, which differ only in total canopy porosity, in the wakes of forebodies I and II are presented in Fig. 8 . The increase in drag produced by the decrease in canopy porosity was small at Mach numbers from 2 to 5. 5. Drag coefficients for hyperflo configurations 2 and 3 behind forebody II were very low at M 0 = 4, 5, and 5. 5 for x/d's of 3 to 4. With the parachutes at these locations, the forebody wake opened up (diverged), and a major portion of the parachute was enclosed in a large region of low-energy flow. This resulted in a very stable parachute with underinflation and low drag. At M B =4,5, and 5. 5, it was generally found that the canopy location required to open the wake moved downstream slightly with increasing Mach number and with decreasing free-stream dynamic pressure at each Mach number.
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The effect of canopy diameter on drag is presented in Fig. 9 for the perlon mesh-roofed hyperflo parachutes of 15-percent porosity (configurations 1, 5, and 8) in the wake of forebody II at M,,, = 4, 5, and 5. 5. The data at M" = 5 and 5. 5 for configuration 8 at x/d = 6 show that the larger diameter chute had a greater influence in causing the wake to open up. The data at M,,, = 4 and 5 for configuration 8 at x/d = 6 and at M m = 5 and 5. 5 for configuration 5 at x/d = 5. 5 show that the parachute x/d location at which the forebody wake opened moved downstream with increasing Mach number.
Inflation characteristics of the hyperflo parachute were generally very good. Most of the underinflation observed occurred with the parachute towed close to the forebody in the open-wake conditions mentioned above. Stability of the hyperflo parachutes, although dependent upon many factors besides x/d location, appeared to be better overall at x/d < 8 with forebody I and at x/d < 5 with forebodies II and III.
HEMISFLO PARACHUTES
Five hemisflo-type parachutes were tested in the Mach number range from 1. 5 to 3 at dynamic pressures corresponding to pressure altitudes of 75, 000 to 118, 000 ft, respectively. All but one of the hemisflo parachutes were tested with varied amounts of canopy inlet reefing. All five configurations were tested in the wake of forebody I. The parachute configurations and the results of the tests are summarized in Table II. The 13-in. -diam hemisflo parachute with the short suspension lines (i s = 11, 7 in.) was reasonably stable at M^ ■ 3 but very unstable at M^ = 2 and 2. 5 with much pulsing of the canopy. A similar chute with i s -21.6 in. exhibited very good inflation and stability characteristics at almost all test conditions from M,, = 1. 5 to 3. This parachute is shown in Fig. 10 along with the drag coefficients (Crj ) obtained over the reefing ratio range at each Mach number.
TANDEM PARACHUTE
One configuration of the tandem-type parachute was tested at M. = 2 and 3 at dynamic pressures corresponding to pressure altitudes of 91,000 and 118,000 ft, respectively. This configuration consisted of a 3-in. -diam hyperflo parachute positioned inside the suspension lines of a 13-in. -diam hemisflo parachute {J? s -21.6 in.). The hemisflo parachute was not reefed, and its position was fixed at x/d = 10. 6; the AEDCTR-65-nO hyperflo parachute locations aft of the forebody were varied from x/d = 4. 0 to 7. 25. The test results are presented in Table III .
BALLUTE DECELERATOR
The conical ballute decelerator was tested at Mach numbers from 4 to 6 at dynamic pressures corresponding to pressure altitudes of 102, 000 to 135, 000 ft, respectively. The ballute was towed at an x/d of 9 in the wake of forebody configuration IV. In addition to drag, inflation, and stability data as obtained with the parachutes, internal ballute pressures were obtained at all test conditions for the purpose of providing structural design information. The test conditions and results obtained are presented in Table IV .
As noted in the table, the ballute model was very stable (no coning or roll) and well inflated at each Mach number and dynamic pressure level. The drag coefficients and internal pressure recovery ratios for all test conditions are given in Fig. 11 . 
TABLE III HYPERFLO-HEMISFLO TANDEM PARACHUTE TEST CONDITIONS AND RESULTS
Parachute
TABLE IV BALLUTE DECELERATOR TEST CONDITIONS AND RESULTS
Configuration
